lyzing a(2-4)-linked poly(sialic acid) units. Additionally, for the detection of N-CAM, antibodies recognizing the polypeptide portion of the molecule and biotinylated antisense RNA transcribed from a cDNA clone for N-CAM were applied. Poly(sialic acid) was regionally detectable in human embryonic kidney but undetectable in normal adult kidney, as already reported for rat kidney. The malignant Wilms tumor, which is characterized by the presence of structural components resembling those found in embryonic kidney, reexpressed poly(sialic acid) units and showed positive immunostaining for the polypeptide portion of N-CAM. Immunoblot analysis of Wilms tumor as well as human embryonic kidney and brain with the monoclonal anti-poly(sialic acid) antibody revealed in each case the same high molecular mass broad band. In situ hybridization demonstrated the presence of mRNA for N-CAM in Wilms tumor. We conclude that poly(sialic acid), most probably present on N-CAM, is an oncodevelopmental antigen in human kidney.
Cell adhesion molecules are cell-surface glycoproteins involved in cell-cell interactions during embryo-and histogenesis and perhaps in the stabilization of certain tissues in adult life (1, 2) . The best characterized of these molecules is the neural cell adhesion molecule N-CAM. One of its most striking structural features is the presence of N-linked oligosaccharides bearing polymers of a(2-+8)-linked sialic acid, which were first found only in embryonic brain (3) (4) (5) and later in lesser amounts in adult brain (5, 6) . Indeed, it is this portion of the molecule that is drastically modified during the conversion of an embryonic to an adult form of N-CAM (6). Although immunological probes recognizing the polypeptide portion of N-CAM have been available, only very recently a monoclonal IgG antibody recognizing identical homopolymers of a(2--8)-linked sialic acid [poly(sialic acid)] of meningococcus group B capsular polysaccharides could be prepared (7) . This monoclonal antibody proved to be an excellent probe for investigating the presence and distribution of poly(sialic acid) in mammalian tissues (8) . Recently, we demonstrated the existence of poly(sialic acid) outside neural tissue in the mesodermally derived rat kidney (8) . Its expression was developmentally regulated, being present in postnatal developing kidney but undetectable in fully differentiated rat kidney.
A characteristic feature of Wilms tumor (nephroblastoma), a highly malignant kidney tumor, is the presence of structural elements resembling those found during embryonic development of human kidney. These similarities prompted us to investigate Wilms tumor for the possible presence of poly(sialic acid) and N-CAM by immunohistochemistry, immunoblotting, and in situ hybridization. We now provide data demonstrating the reexpression of poly-(sialic acid) characteristic of the embryonic form of N-CAM in the various tumor elements, indicating that poly(sialic acid) represents an oncodevelopmental antigen in human kidney. It is particularly interesting that poly(sialic acid) seems to be part of a primary cell adhesion molecule that is proposed to have a regulatory role in cell growth and differentiation.
MATERIALS AND METHODS
Reagents. Poly(sialic acid) was detected with a mouse monoclonal IgG2a antibody raised against live group B meningococci as described (7) . A rabbit antiserum against mouse N-CAM has been described in detail elsewhere (9) . Mouse N-CAM-related cDNA clone pM1.3 has been isolated and characterized (10) . Bacteriophage PKlA-bound endosialidase (11) was a gift from S. Pelkonen (Biocenter, University of Basle). A purified, soluble bacteriophage Eencoded endosialidase was prepared as described (12) Ag/ml for 20 min or of 10 ttg/ml for 40 min at 37TC.
Immunolocalization of N-CAM. Sections were incubated with 1:300 dilutions of rabbit anti-mouse N-CAM antiserum for 2 hr at room temperature; this was followed by incubation with the protein A-gold complex and photochemical silver amplification. In control incubations, antiserum preabsorbed with a 100-fold molar excess of purified N-CAM from postnatal day 1-4 mouse brain was applied.
Cytochemical Demonstration of Sialic Acid Residues. Sialic acid residues were detected with the Limax flavus lectin/ fetuin-gold technique (14) . Cytochemical specificity tests included those described (14) . NaDodSO4/PAGE and Immunoblot Analysis. Tissue homogenates from human embryonic (first trimester) brain, kidney, and liver as well as Wilms tumor and normal adult kidney were prepared in 10 mM sodium phosphate buffer, pH 7.3/0.15 M NaCI (PBS) containing 1% Triton X-100, 1% aprotinin, and 1 mM phenylmethylsulfonyl fluoride in groundglass homogenizers on ice. For gel electrophoresis (15) using a 6% gel, thawed aliquots were resuspended to 2 mg of protein per ml in Laemmli buffer and heated in a water bath at 62°C for 10 min. Transfer to nitrocellulose sheets and immunochemical analyses were carried out basically according to Towbin et al. (16) . Briefly, after blocking the nitrocellulose with 2% defatted milk powder in PBS for 2 hr, incubation with monoclonal antipoly(sialic acid) antibody (diluted 1:500 in blocking solution, 2 hr at room temperature) followed by incubation with affinity-purified rabbit anti-mouse immunoglobulin antibodies (3 ,ug/ml in blocking solution, 1 hr at 37°C) and 1251I-labeled protein A (1-2 x 105 cpm/ml, 45 min at room temperature) was carried out. Control experiments included (i) omission of the primary antibody; (it) omission of primary and secondary antibody; (iii) preabsorption of the monoclonal antibody with colominic acid (20 mg/ml) at 4°C overnight followed by centrifugation at 2500 x g for 20 min; (iv) digestion of nitrocellulose strips (blocked with 1% bovine serum albumin) with bacteriophage PK1A endosialidase (109 plaque-forming units/ml) for 13 hr at 37°C; and (v) digestion of albumin-blocked strips with C. perfringens neuraminidase [1 unit/ml in 0.1 M acetate buffer (pH 4.5) with 2 mM CaCI2 and 1% bovine serum albumin, 3 hr] or with buffer alone.
The strips were exposed to Kodak X-Omat AR film with an intensifying screen for 15 hr at -700C.
In (Fig. 1 a-d) in a pattern observed in postnatal developing rat kidney (8) . In addition, dense cellular aggregates of the metanephrogenic mesenchyme forming cap-like structures at the terminal ampulla of collecting ducts, which we were unable to observe in postnatal developing rat kidney, were intensely stained ( Fig. 1 b and c) . In normal adult kidney and normal kidney surrounding Wilms tumor (Fig. 2a) , immunostaining for poly(sialic acid) units was not detectable. However, staining observed with the sialic acidspecific lectin from L. flavus (18) demonstrated the presence of terminal sialic acid residues throughout kidney cortex and medulla (Fig. 2c) .
In sections from all Wilms tumors investigated, immunostaining for poly(sialic acid) was observed in the various tumor elements, whereas the surrounding normal kidney tissue was unstained (Fig. 2a) . The poorly differentiated tumor portions, resembling the tight cell aggregates of the metanephrogenic mesenchyme in embryonic kidney, were intensely stained (Fig. 2 d and e) . More differentiated tumor elements forming glomeruloid bodies and tubules exhibited only a weak staining (Fig. 2f and g ), as did the corresponding structures in embryonic kidney (Fig. ld) (Fig. 2b) . However, incubation of sections from Wilms tumor with the sialic acid-specific L. flavus lectin after limit digestion with endosialidase PK1A still yielded positive staining (Fig. 2c) .
NaDodSO4/PAGE and immunoblot analysis of whole homogenates from three different Wilms tumors revealed a single broad band with an apparent molecular mass starting at =200 kDa reacting with the monoclonal anti-poly(sialic acid) antibody (Fig. 3C, lane 1) . The upper limit of the band could not be accurately estimated due to the inherent limitations of the technique when analyzing highly glycosylated and charged molecules. However, importantly, the same broad band was also seen when human embryonic kidney and brain were analyzed (Fig. 3 A and B, lanes 1 ). This reactivity was abolished under the different control conditions, most notably following pretreatment of the immunoblots with bacteriophage endosialidase (Fig. 3 A-C, lanes 2 ) and when colominic acid-preabsorbed anti-poly(sialic acid) antibody was applied (Fig. 3 A-C, lanes 3) but also when the monoclonal antibody was omitted (Fig. 3 A-C, lanes 4) .
Incubation of sections from Wilms tumor with antibodies reacting with the polypeptide portion of mouse N-CAM resulted in staining of all tumor elements (Fig. 4) . Immunostaining for N-CAM was abolished when antigen-preabsorbed antiserum was used (not shown).
In situ hybridization to paraffin sections with biotinylated antisense mRNA for N-CAM resulted in a positive hybrid- (Bars: a-d, 10 jtm.) ization signal over all tumor cells (Fig. 5) . No hybridization signal was detectable when the biotinylated antisense probe was omitted or replaced by biotinylated sense mRNA (Fig.  5) .
DISCUSSION
Changes of cell-surface carbohydrates accompanying malignant transformation have been implicated in the altered growth behavior of tumor cells (19, 20) . In many instances, carbohydrate moieties that were expressed during certain stages of embryonic development, but suppressed later on, were found to be reexpressed in tumor cells (21, 22) . However, in no case could this be correlated with a specific role of the carbohydrate in cell growth and differentiation. We now show that in human kidney, poly(sialic acid) characteristic of the embryonic form of N-CAM, which is transiently and regionally expressed during organ development but undetectable in the differentiated adult kidney, is reexpressed in the malignant Wilms tumor. Therefore, the poly-(sialic acid) portion of the N-CAM that is assumed to play a -and histogenesis (1, 2, 23) is not only a developmentally regulated antigen but also must be considered an oncodevelopmental antigen in human kidney. During organogenesis the poly(sialic acid) present on the embryonic form of N-CAM seems to be restricted to neural tissue (3), muscle (24, 25) , and kidney (8) . Since poly(sialic acid) is also found, albeit in less amounts, in adult brain and muscle (5, 6, 24, 25) but not in adult human or rat (8) kidney, this organ at present would represent the only one in which poly(sialic acid) is an oncodevelopmental antigen.
N-CAM is found in two basic forms: an embryonic form that is characterized by long-chain poly(sialic acid) and an adult form containing shorter chains (6) . This developmentally regulated structural change of poly(sialic acid) is manifested functionally by an increase in the adhesive properties of the molecule (9, 23) . Based on our previous findings (8) and the following data, we believe that in the present study poly(sialic acid) characteristic of the embryonic form of N-CAM is detected. (i) Further characterization of the mouse monoclonal IgG2a anti-poly(sialic acid) antibody has demonstrated that binding to oligomers of a(2-+8)-linked sialic acid residues critically depends on oligomer size (26) . Binding to poly(sialic acid) was observed only with fragments seven or eight residues long and increased further with increasing chain length. Recently, a human monoclonal IgM was described with specificity for a(2--8)-linked poly-(sialic acid) that crossreacted with polynucleotides and denaturated DNA (27) . In a comparative study, we found that our mouse monoclonal IgG2a antibody did not crossreact with polynucleotides and denaturated DNA (unpublished data). (ii) The endosialidase from bacteriophage PK1A has a reported strict substrate specificity: it requires for cleavage the presence of at least eight a(2--8)-linked sialic acid residues, yielding a chain of the minimum length of five sialic acid residues at the proximal part of the polysaccharide and three residues in the distal cleaved fragment (11) . Endosialidase pretreatment of the tissue sections abolished the immunostaining. Thus, we conclude that the observed immunostaining in Wilms tumor and embryonic kidney and brain reflects the presence of poly(sialic acid) units composed of eight or more a(2-*8)-linked sialic acid residues. (iii) On immunoblots from Wilms tumor and human embryonic kidney and brain, the monoclonal antibody against poly(sialic acid) stained the same high molecular mass broad band. (iv) By immunocytochemistry, antibodies against N-CAM gave positive staining on Wilms tumor. Poly-and monoclonal antibodies against mouse N-CAM and the monoclonal anti-poly(sialic acid) antibody were shown to react with an identical component of a molecular mass of 200-250 kDa in newborn mouse kidney and brain (26) . (v) By in situ hybridization of tissue sections we demonstrated the presence of mRNA for N-CAM in Wilms tumor. These data indicate that in Wilms tumor and embryonic kidney poly-(sialic acid) is present on a component representing N-CAM. The evidence for a molecular relationship of poly(sialic acid)-bearing molecule(s) with N-CAM in human kidney is at present based on the detection of mRNA for N-CAM and the coexistence of immunoreactivity for poly(sialic acid) and N-CAM polypeptide.
One may speculate about a relationship between the reexpression of poly(sialic acid) at the cell surface and the altered growth behavior of tumor cells. Alterations in certain cell-surface properties known to accompany malignant transformation in vitro have been correlated with the abnormal growth of tumor cells (19) (20) (21) (22) 
